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1 Introduction

So far, we have evaluated the gains of outer coding with an interleaving span of 320ms. In this document, we discuss the correct interpretation of information BLER associated with outer coding, along with certain other features inherent in the structure. Further, we outline the performance of outer coding with longer outer interleaver spans.
2 Outer Code Interpretation
As explained earlier in [1], the outer code structure is shown in Figure 1. Each row represents the payload per TTI and there are k such rows. Each information column, consisting of 1-byte per row, is encoded using a [N, k] RS code over GF(256). If there are M-bytes per row, the outer block is encoded M times ( There are N*M bytes per outer block.
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Figure 1

Structure of Outer Code
Figure 2 shows an example of a [16, 12] outer code. We observe the following the the erasure decoding of outer block.
1. If the outer block is in error, it does not mean that all information blocks are in error.

a. Given an outer block in error, there are still some information blocks which pass CRC.
b. In scenario A, the red-shaded inner blocks fail CRC. 

i. More than 4 inner blocks in error ( Outer block in error

ii. Not all information blocks in error

2. If the UE receives k inner blocks correctly (information and parity), it can shut off the inner turbo decoder intended for S-CCPCH (or any physical channel transporting MBMS content) reception.

a. All the information blocks can be recovered once the receiever receives k correct inner blocks.
b. In scenario B, only 1 information block is in error. Therefore, the UE needs to wait for just 1 correct parity block, and then shut off the inner decoder.

3. It is trivial to see other instances when the UE can shut off the inner turbo decoder.

a. More than (N-k) inner blocks in error and all information blocks have already been received.
b. In scenario C, 4 information blocks are in error. The inner decoder shuts off when one of the parity blocks fails CRC.
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Figure 2

Outer Decoding Operation – [16, 12] example
Shutting off the inner decoder allows the UE to perform inter-frequency and inter-system measurements, without affecting the higher layer MBMS throughput.
3 Performance
In this section, we will analyze the performance of outer decoding. The simulation assumptions are shown in the Appendix.

1. We will plot the information BLER vs. required Ec/Ior.

a. This allows for an exact comparison with a nominal scenario without outer coding.
2. We will consider a Rel-5 384 kbps class UE

a. As shown in [2], this implies that at 64 kbps, the maximum supportable TTI of an inner block is 40 ms.

3. We will vary the effective outer code interleaver length (OCIL) from 320 ms to 1280 ms.

a. 320 ms effective IL length

i. 20 ms inner TTI and [16, 12] outer code

b. 640 ms effective IL length

i. 40 ms inner TTI and [16, 12] outer code

ii. 20 ms inner TTI and [32, 24] outer code

c. 1280 ms effective IL length

i. 20 ms inner TTI and [64, 48] outer code

ii. 40 ms inner TTI and [32, 24] outer code

Figures 3 and 4 show the performance. The target Ec/Ior for 1% information BLER is shown in Table 1.
	Channel
	Ec/Ior (dB)

	
	OCIL 320 ms
	OCIL = 640 ms
	OCIL = 1280 ms

	
	
	[32, 24]
	[16, 12]
	[64, 48]
	[32, 24]

	Case 1
	-3.7
	-4.2
	-4.6
	-5.0
	-5.4

	Case 2
	-6.6
	-7.7
	-7.4
	-7.9
	-8.0


Table 1

Ec/Ior – 3 kph
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Figure 3

Case 1 – 3 kph – G = -3 dB – Information BLER
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Figure 4

Case 2 – 3 kph – G = -3 dB – Information BLER
Figure 5 shows the outer BLER for Case 2. 
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Figure 5

Case 2 – 3 kph – Outer BLER
We note that for 1% information BLER, the outer BLER is greater than 1%.

	Case 2
3 kph
	Operating Point for 1% Information BLER

	
	OCIL 320 ms
	OCIL = 640 ms
	OCIL = 1280 ms

	
	
	[32, 24]
	[16, 12]
	[64, 48]
	[32, 24]

	Ec/Ior (dB)
	-6.6
	-7.7
	-7.4
	-7.9
	-8.0

	Outer BLER
	0.03
	0.05
	0.03
	0.04
	0.035


Table 2

Outer BLER at 1% Information BLER
This illustrates the fact that when the outer block is in error, it does not mean that all information blocks are in error. From Table 2, for Case 2, only 20% to 33% of the information blocks fail CRC when the outer block is in error.
4 Impact of Data Rate and TTI

Consider the following:
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Since we only need to store the first k received symbols correctly, we have:
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This leads us to:


[image: image8.wmf]block

outer  

in  

  

ns

computatio

  

of

number  

  

Total

0

=

=

tot

b

N

k

N

N


The number of GF(256) computations for different scenarios is outlined in Table 2.
	Rate (kbps)
	TTI (ms)
	N
	k
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	Outer block size (KB)
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	Computations per second (Kcps)

	64
	20
	16
	12
	1
	2.5
	214
	19,982
	62.44

	64
	40
	16
	12
	1
	5.0
	427
	39,578
	61.82

	64
	20
	32
	24
	1
	5.0
	214
	82,924
	129.57

	64
	20
	64
	48
	1
	10.0
	214
	345,368
	269.82

	64
	40
	32
	24
	1
	10.0
	427
	163,012
	127.35


Table 3

Memory and Number of Computations

We note the following.

1. The outer block size remains less than 10 KB, in spite of the effective OCIL length increase from 320 ms to 1280 ms.
2. For the same OCIL length, the number of computations increases with the inner TTI duration.
5 Conclusions
In this document, we looked at some outer decoding concepts such early decoding and effective information BLER. Further, we evaluated the performance with longer OC interleaver spans. It is seen that for the same inner TTI, outer coding improves the performance by 1.5 dB in the scenarios considered. Further, these gains can be realized without any hardware changes in a Rel-5 384kbps class UE.
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Appendix

	Parameter
	Value

	Inner TTI
	20 ms, 40 ms

	S-CCPCH slot format
	10

	SF
	32

	Target Information Rate
	64 kbps

	Inner Block Size + 16-bit CRC
	1728 (20ms), 3432 (40ms)

	Outer Code Rate
	0.75

	Channel Estimation
	Non-ideal

	Power Control
	Off

	Channels
	Case 1, Case 2

	Number of Tx antennas
	1


Table 4

Simulation Assumptions
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